Rickets was diagnosed in 1 1 rheas from four flocks in Ohio. At necropsy, birds had pliable bones with prominent valgus or varus deformation of the femoral bone and/or the tibiotarsal bone, marked thickening of the metaphyseal plates, and frequent fractures. Histopathologically, bones of rachitic birds showed marked retention ofcartilage core within the growth plate, mainly because ofa significant lengthening of the hypertrophied zone of the growth plate in relationship to the remaining zones. Feed analysis showed that rachitic birds were fed diets having higher calcium/phosphorus (Ca/P) ratios (1. 38-4.32) than that of the diet fed to nonrachitic birds from a different flock (0.65 Ca/P ratio). Serum analysis of blood from clinically rachitic birds from the affected flocks revealed a marked hypophosphatemia (3.0-4.7 mg/dl), mild hypocalcemia, and normal 2S-(OH)vitamin D concentrations as compared with values in nonrachitic birds, which had serum phosphorus concentrations of 8.5-8.7 mg/dl. These findings suggest that rickets in growing rheas was associated with marked hypophosphatemia and improper Ca/P ratios.
1-1 1) from four different flocks (Nos. [1] [2] [3] [4] in Ohio. Results of postmortem examination, light microscopic histopathologic and morphometric evaluation, and feed analysis of these rheas were compared with those of four nonrachitic rheas (Nos. 12-1 5). Birds came from free-range commercial flocks. In one flock (No. 3), a mineral supplement of unknown composition was given on a weekly basis. The nonrachitic birds (flock No. 5 ) either served as controls in an unrelated study and were kept on mesh wire or were free-range birds in a noncommercial flock. All birds had access to feed and water ad libitum. Histopathologic evaluation was done on hematoxylin and eosin-stained sections of paraffin-embedded, formalin-fixed tissues. The tibiotarsal bones of nine birds (Nos. [1] [2] [3] [4] 7, 9, 10, 12, 13) and the parathyroid glands of four birds (1, 2, 4, 12) were examined. Bones were, when necessary, decalcified for 24 hours. Sections of undecalcified tibiotarsal bones were stained in von Kossa stain to evaluate mineralization. The thickness of different zones within the growth plate was randomly measured at five points, and ratios between different zones were calculated. Feed analysis was done on the feed of all birds from which tissue or serum was evaluated. The birds in flock Nos. 1-3, 5, and 6 were fed different commercially available ratite diets, whereas flock No. 4 was fed a homemade mixture of duck breeder, turkey breeder, and rabbit pellets. Serum calcium, phosphorus, and 25-(OH)-vitamin D concentrations in 18 rheas from flock Nos. 2 , 3 , and 4 containing rachitic birds were compared with those values in 10 nonrachitic rheas in flock Nos. 5 and 6. Seven nonrachitic birds were not available for necropsy, but a clinical examination was performed at the time of blood collection. Serum calcium and serum phosphorus were measured using a colorimetric method (Sigma, St. Louis, MO). Serum 25-(OH)-vitamin D concentrations were assayed using a competitive protein binding assay (Amersham, Arlington Heights, IL). Serum calcium and phosphorus concentrations were analyzed for statistical significance using one-way analysis of variance. P values were corrected with a Bonferroni test.
At necropsy, birds from flock Nos. 1-4 had very pliable bones with prominent valgus or varus deformation of the femoral bone and/or tibiotarsal bone and marked thickening of the metaphyseal plates ( Fig. l) , as compared with nonrachitic birds (Fig. 2 ). Fractures were found frequently; tibiotarsal fractures were the most common (four), and there were two femoral fractures and one metatarsal fracture. Three birds (Nos. 7, 9, 10) had distinct bands perpendicular to the long axis of the bone within the growth plate ( Fig. 1) .
The most obvious finding on histopathologic examination ofthe bones ofrachitic rheas (Nos. [1] [2] [3] [4] 7, 9, 10) was marked retention of the cartilage core within the growth plate. In nondecalcified sections, little to no mineralization of cartilage matrix within the hypertrophied zone or osteoid was identified ( Fig. 3 ). Several birds (Nos. 7, 9, 10) had multiple, perpendicular bands of mineralized cartilage matrix or ossification within the hypertrophied zone of the growth plate ( Fig. 4 ). These areas corresponded to the grossly evident perpendicular bands. The hypertrophied zone of each growth plate was significantly longer in relationship to the remaining zones in all rachitic rheas as compared with the nonrachitic birds. The prehypertrophied zone was also longer but less marked. The difference between the growth plates from nonrachitic and those from rachitic rheas was especially prominent when the length of hypertrophied plus prehypertrophied zones was compared with the length of proliferative zones. The relationships between the different growth zones are shown in Table 1 . The proliferative zone of the growth plates was similar in rachitic and nonrachitic birds. No differences were found in the parathyroid glands of rachitic and nonrachitic birds.
The results of the feed analysis are shown in Table 2 . Two flocks (Nos. 1, 3) with rachitic birds were fed the same diet.
Diets of rachitic birds were moderately higher in protein and more than twice as high in calcium. In all but one flock (No. 2), the diet was lower in phosphorus than the diet fed to nonrachitic birds. The phosphorus concentrations in the diet of rachitic flocks vaned. In flock No. 4, phosphorus concentrations were one third the level fed to nonrachitic birds, whereas the other diets had phosphorus concentrations similar to those of diets fed to nonrachitic birds. All rachitic birds had markedly increased calcium/phosphorus (Ca/P) ratios in their feed (1.30-4.32) , which was 2-6 times the ratio fed to nonrachitic birds (0.65).
The clinical examination of birds from flock Nos. 2 and 3 from which blood was taken revealed evidence of rickets. These birds had valgus/varus deformities and markedly flared physes of the tibiotarsal bones. The serum analyses (Table  3) revealed slightly lower serum calcium concentrations in the rachitic rheas, which was statistically significant only in flock No. 4. By contrast, marked hypophosphatemia was present in all rachitic birds. The mean serum phosphorus concentrations were half the mean serum phosphorus concentrations (8.5 and 8.7 mg/dl) of nonrachitic birds, but individual birds had phosphorus concentrations as low as 1.6 mg/dl. Concentrations of 25-(OH)-vitamin D did not differ between nonrachitic and rachitic birds.
Rickets in growing poultry is most often seen as a result of a feed mixing error with changes in dietary calcium, phosphorus, or vitamin D concentration^.^ The diagnosis of rickets is made by gross and microscopic evaluation of diseased animals, and the lesions can be characterized for the underlying cause. However, confirmation of suspected nutritional imbalances requires feed and serum analysis.' Rachitic lesions have been described in turkeys with the poult malabsorption syndrome, which develop angular limb deformities, and in chicken with vitamin A toxicity, which have thickened growth
In the rheas in this study, enlargement of metaphyseal plates, elongated hypertrophied cartilage zone, and increased pliability of long bones was suggestive of rickets caused by phosphorus deficiency and/or calcium excess. Similar lesions have been reported for chickens with these imbalance^.^ The thickened physes were the result of marked lengthening of the zone of hypertrophy and, to a lesser degree, the zone of prehypertrophy. The growth plate thickening in phosphorusdeficient rickets in birds is considered to be a result of decreased resorption of hypertrophic cartilage relative to chondrocyte proliferation and maturation and not to increased proliferation of chondrocytes.2 The grossly and microscopi- the physis in birds of flock No. 3 were interpreted to be results of the application of the mineral supplement. This addition of minerals may have been sufficient to result in orderly progression of bone formation. A marked imbalance in the dietary calcium and phosphorus intake was the cause of the rachitic lesions observed in these rheas. Although dietary phosphorus concentrations (except in flock No. 4) were not strikingly different from those in nonrachitic birds, the elevated calcium concentrations resulted in a marked increase in the Ca/P ratio. An increase of the Ca/P ratio with the formation of insoluble complexes has been reported to decrease intestinal absorption of phosp h~r u s .~ These rachitic birds had mildly decreased serum calcium concentrations and markedly decreased serum phosphorus concentrations, which reflect the magnitude by which the Ca/P ratio was elevated and which made the development of hypocalcemia and hypophosphatemia possible. The birds in flock No. 2 were fed a diet containing more phosphorus than the diet of the nonrachitic birds but nevertheless developed severe hypophosphatemia. Nonphytate phosphorus was not measured, and a decrease in phosphorus availability due to the presence of phytates cannot be excluded. However, the parallel development of hypocalcemia strongly suggests a mechanism involving complexing of calcium and phosphorus.
These observations imply that growing rheas need a narrow Ca/P ratio in their feed to prevent development of rickets caused by phosphorus deficiency and calcium excess. Further investigations about the correct Ca/P ratio in ratite feed are necessary. mental rickets in broilers: gross, microscopic and radiographic lesions. I. Phosphorus Severe progressive and fatal renal disease in young animals occurs in many breeds ofdog. 1-3.5-7 In some cases, the kidneys from these animals have lesions consistent with renal dysplasia, a developmental disorder caused by imperfect inductive interaction between the mesonephric duct and the metanephric bla~tema.'.~.~ The characteristic histologic features used to diagnose renal dysplasia include the presence of 1) bone or cartilage in the parenchyma, 2) persistent metanephric ducts surrounded by primitive mesenchyme, 3) fetal or immature glomeruli, 4) fetal or immature tubules, and 5) anomalous presence of interstitial fibrous connective Over the last 8 years, we have noticed a disproportionately high number of young Golden Retrievers with chronic renal disease, whose kidneys have features consistent with renal dysplasia. We report a retrospective study of renal failure in 13 young Golden Retrievers with histologic lesions of renal dysplasia.
The files of the Laboratory of Pathology were searched for records of dogs with a histologic diagnosis of renal disease (of any etiology) or renal dysplasia. There were 97,949 canine records from tissues submitted to the necropsy (January 1985-July 1993) or biopsy (October 1986-July 1993) services. Thirteen of these were from Golden Retrievers with a histologic diagnosis of renal dysplasia. Only seven of the 13 cases had complete histories and clinical evaluations. These animals presented for clinical evaluation at an average age of 12.8 months (range, 3-24 months). The average time from presentation to euthanasia was only 3 days. The clinical signs were those of chronic renal failure: vomiting and diarrhea, lethargy, and depression and dehydration. Three of the seven animals were reported to be polyuric and polydipsic and two presented with seizures. These seven animals had a high serum urea nitrogen ( I 68 f 25 mg/dl) and creatinine (7.3 k 1.2 mg/dl) with normal to low values for potassium, total protein, and albumin.
At necropsy, the kidneys were small and light tan, and the cortices had corrugated subcapsular surfaces with multifocal depressions that corresponded to thinning of the cortices on cut section (Fig. I) . Other gross findings such as parathyroid gland hyperplasia, fibrous osteodystrophy, gastric mineralization, and left atrial mineralization were consistent with the diagnosis of renal failure.
Tissues from necropsy and biopsy cases were fixed in 10% buffered formalin, dehydrated in alcohol, embedded in paraffin, cut at 5 pm, and stained with hematoxylin and eosin (HE). Selected sections of kidney were stained with either Congo red or Mallory's trichrome stain.
Histologically, the most distinctive lesion present in all cases was extensive interstitial fibrosis with marked periglomerular fibrosis (Figs. 2. 3) . The fibrosis was present in two distinct patterns. There was a variable degree of diffuse interstitial fibrosis in all dogs (Fig. 3) , but in eight dogs this was associated with distinct wide bands of fibrous connective tissue that extended from the cortex into the medulla (Fig.  2) . The interstitial fibrosis was associated with very marked dilation of tubules, cystic dilation of Bowman's space, and small shrunken glomerular tufts (Fig. 3) . Scattered interstitial infiltrates of lymphocytes and plasma cells occurred in nine of the 13 dogs. Four dogs also had mild to moderate chronic pyelonephritis characterized by radial bands of lymphocytes and plasma cells with scattered macrophages extending from the cortex to the medulla and renal pelvis. These bands of inflammatory cells were associated with foci of interstitial fibrosis, glomerular sclerosis, and tubular regeneration. Two of the 13 dogs (1 5%) had primitive metanephric ducts associated with primitive mesenchyme in the renal medulla
